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PATENT SPEGIFICAT1QN <") 1 398 133 

(21) Application Nb. 43531/72 (22) Filed 20 Sept. 1972 
{23) Complete Specification filed 30 Aug. 1973 
(44) Complete Specification published 18 June 1975 
,(51) INT CL 2 C08L 81/06 // COSK 5/52 

{52) Index at acceptance _ t 

C3R 36&0 36C12 36C13P 36C19 36C22 36C24 3SC2SX 
36C33B 36C5B1 36C6AX 3GC6X 36C8P 36C8R 
S6D1 36T>2 36L1B 36L4C 36L5X 36LGD 36L6F 
7C10 7C12 7C13P 7C19 7C22 7C24 7C28X 7C33B 
7C5B1 7C6AX 7C6X 7C8P 7C8R 7L1B 7L4C 
7L5X 7L6D 7L6F 7S 
(72) Inventors VICTOR JEFFREY LESLIE and RAYMOND BARRY 
VICCARS 
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(54) AROMATIC POLYMERS 

(71) We, IMPERIAL CHEMICAL INDUSTRIES LIMITED, Imperial 
Chemical House, Millbank, London SW1P 3JF, a British Company, do hereby declare 
the invention, for which we pray that a parent may be granted to us, and the method 
by which it is to be performed, to be particularly described in and by the following 
statement:— . i • • • i 

This invention relates to thermoplastic polymer compositions and in particular 
to aromatic polysulphones having improved thermal stability. 

According to the present invention, a thermoplastic polymer composition is pro- 
vided having improved mermal stability comprising at least one aromatic polysulphone 
consisting of repeating units having the structure 

— Ar— SOg— 

wherein Ar, which may vary from unit to unit in the polymer chain, is a bivalent 
aromatic radical selected from 



10 



15 



CH, 
I 

c 

I 



15 



at least some of said Ar radicals being 

.-O— O -O— O-f.-O" o- 



10 



15 



S?^^f t K^ ph0S ^ ite ** <rf said phosphite ester being 0 01 to 4V 



OR» 



RK) — P' 



\ 
OR s 

S R ^^^T fi S?° gen ^ T™ 1 ^ ty^on or halo- 

-rbon.or hall ySbl ^^Scd^hLS 4 ^^^^ ^ 
phosphite groups of the formula "oonaner aetmed, linking a) two or more 



OR* 



RK)— P 



\ 

OR* 

orb) at least two oxygen atoms of the same phosphite group. 

The aromatic polysulphones that ate used in the ™««^ ; m ■ 

repeating units of the formula 016 P res «tt invention comprise 

— At — SOg— 

^^^(lo^foTT^^ Which m &r xy ^ unit to unit in the 
tniun ( - so 85 to torm copolymers of vanous kinds), selected from 



10 



15 



-O-rO—O- 



I 



20 



at least some of the Ar radicals being 



20 



and/or 



so- 



CM, 



15 
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One commercially available polysulphone has me repeating units of die formula 



4 ^v-so 2 — 



(Imperial Chemical Industries Limited). Another commercially available polysulphone 
is said to have repeating units of the formula 

-O— O— ■ OT-O- 

(Union Carbide Corporation), while another is said to have copolymerised units in 
various proportions of the formulae 



and 



W W/ * m 



(Minnesota Mining and Manufacturing Company). Another group of aromatic 
polymers has repeating units of the formula : 



copolymerised with units of formulae I and/or II, and optionally III above. Preferred 
aromatic polymers have a reduced viscosity of at least 0.3 (as measured at 25 °C on a 15 
solution of the polymer in dimethyl f ormamide containing 1 g of polymer in 100 cm 3 
of solution). 

Methods for making such polymers are described, inter alia, in British Patent 
Specifications 1016 245; 1060 546; 1078 234; 1 109 842; 1 122192; 1 133 561; 

20 1 153 035; 1 153 528; 1 177 183; 1 234 301; 1 264 900; 1 298 821; Canadian Specific 20 

cation 847 963 and Swiss Specification 49 1 98 1. 

By the term univalent hydrocarbon or halohydrocarbon radical we mean alkyl, 
cycloalkyl, haloalkyl, aralkyl, alkaryL, haloalkaryl or aryl radicals. In a simple phosphite 
ester R 1 , R 2 and R 3 may be the same or different but not more than I, and preferably 

25 none, of the radicals R 1 , R 2 and R 3 may be. hydrogen. The alkyl radical may contain 25 

1 to 25 carbon atoms and may be straight chain or branched. Lower alkyl (1 to 5 
carbon atoms) may lead to phosphite esters having too high volatility for a particular 
end use for the composition and highly branched phosphite esters may themselves be 
decomposed by for example oxidation at processing temperatures for the composition. 

30 Preferably each alkyl residue contains 7 to 12 carbon atoms. The halogen atom in a 30 

haloalkyl radical reduces volatility and increases flame resistance of the thermoplastic 
composition. Tertiary halogen groups are preferably absent because these often have 
low stability at high temperatures at which the compositions are processed. The halogen . 
atom is preferably chlorine or bromine. The aryl radical may be derived from benzene, 

35 biphenyl or a fused ring aromatic hydrocarbon such as for example naphthalene, indene, 35 

fluorene, cobenzofuran. The alkaryl or haloalkaryl radical is an aryl radical in which 
an alkyl radical or haloalkyl radical as hereinbefore defined substitutes one or more 
aromatic ring positions of the aryl radical; for example methyl phenyl (tolyl), dimethyl- 
phenyl (xylyl), and nonylphenyL 
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~iJ^J£~ ill R ^ R "»ylie » univalent radical or R\ R- and/or R* 
tekentogether may be a mulovakm hydrocarbon or halohydrocarbon radical such as a 
bi-, tcr- or quadn-valent radical. By the term multivalent hydrocarbon or halohydro- 
carbon radical wemean a radical obtained by removal of one or more hydrogen and/or 
3 a H" ns ^ ^univalent hydrocarbon or halohydrocarbon radical as hereinbefore 

defincd - ^am^es of such multivalent radicals are methylene, propane-U^-triyL 
I»opane-U-diyl-2-ylidene. Thus two or three of me radicakRS R^and R* in a 
singe phosphite ester molecule may be a single bi- or ter-valem radical respectively 
10 ^ound m ° 0X71=11 attmS rf ** I* 0 ^ 1 "" group such as, for exampjeTin the 



25 



30 



45 



CHjCK^-O-P | 



^^^!^l^L RJ and/0r , * together may be a multivalent radical linking 
two or more phosphite groups of the formula wumimjub 



OR* 

V 
R 1 0 — P 

\>R» 

15 to provide phosphite esterssuch as for example 



c EXAMPLE 1. 

of me foSuL (10 ° g) 01 aromatic P^ysulpfaone consisting essentially of repeating units 



so,— 



made in a manner similar to that of Example 3 of British Specification 1 153 035 but 
having a reduced viscosity of 0.48 as measured at 25 °C on a solution in dimethyl 



10 



15 



20 



25 



e 0mn ^ C< ^K° nS °fJ^ T" 1 ' 0 ^ te ^ mi Ti "S the organic phosphorus 
STlTL^l? 5? P^" - ^ f0r ? am P^ <* inTsigmXded 

20 P^ered^yn^SSby SmT 8 " ^ * ^ 

a , t ^??L a ™ m ^ tic Pfysulphone may be blended with other thermoplastic polymeric 
eWoSfV^^li^ example, polymers, polyolefins, polyamideTand ^yvinyl 
^ c ^he. comP«ation may be further mixed with particles of other pdvmeric 
materials having special properties, e.g. elastomeric materials and polytttranuore- 
SSfff T^L?* 7 teMorcing fillers, for example glass, asbestos and carbon 

^ rc5 >«^ 1 °* cr "^terials conferring various desired characteristic, e.g. solid lubricants 
(e^graphite «r molybdenum disulpbide), abrasives (e.g. carborundum),^^ 
^d ^IrW^liT^ 0 - m l te i als (^S- for recording tapes), photosensitisers, 
H*" materials for winch the compositions of the invmtioimake suitabfe 
hTfaSi^? • MpoS1 S ons T7 ««tam dyes and pigments. The compositions may 30 
befatecated m any desired form, such as fibre, film and momdingfor extruded 
products of any desired shape. 

. ^ ^ m ? 3 i ficadon °f Ac present invention 25 to 75% (preferably 25 to 50%) 
,, fLJ^ h , t x ; n^^ P ^ phI ^ can be replaced by a phosphate ester having the 

35 (EO) ^° !* ere E has the same definition as R\ R*. R» (henantefore 35 

defined) except that E cannot be hydrogen. ' V"="=m Derore 35 

« a hn£fTT IiQn rf ^ 01 °<° t0 , t % <* J*«phite ester improves the melt 

stability of the aromatic polysulphone and its blends by reducing the ttnciencvof me 
40 * WCU ^ e - ^P^ongedhczxiBg and provides mouldings hav^p^S 

uT rf WlU , ch - 1S mamtamed even after prolonged heating of themdt. A preferred 40 
level of inclusion of organic phosphorus compound is 0.01m 1°/ bv wefeht p 
The invention is illustrated by the following Examples. 



45 



5 1398,133 5 

formamide of 1 g of polymer in 100 cm 3 of solution was mixed with a variety of 
stabilisers in concentration shown in the following table (e.g. 0.2% which is 02 g 
stabiliser per 100 g polymer). Where the stabilisers were solid at 20°Q mix i ng was 
effected by dry mixing at 20°C; where stabilisers were liquid at 20°C, the stabilisers 
5 were diluted with methanol together with a minimum of acetone to improve miscibflity J 

and the polymer stirred into the solution, the resulting mixture being partially dried 
on a rotary evaporator for 30 minutes at 40°C and finally dried for 20 hours at 150° C. 
The compositions from both mixing procedures were compression-moulded at 350°C 
for 5 minutes. 

10 The mouldings and mixtures were evaluated for colour and stability as follows: — 1( 

.■ 

1. Melt viscosity. The melt viscosity was studied using a ram extruder having a 
barrel temperature of 400° C and the time taken from feeding the mixture 
to the barrel to exhibit an increase in melt viscosity of 0.1 poise (a) and 0.2 
poise (b) recorded; the longer the time 3 the better the melt stability. 

j 5 2. Extrudate 50% bubbles. This test provides the time taken at 400° C for half V. 

the volume of the extrudate of the extruder used in melt-viscosity determi- 
nation ( 1 above) to be voids or bubbles. The test provides a measure of heat 
stability of the composition and the lower the time, the poorer the heat 
stability of the composition. 

20 3. Colour factor. The yellowness Index was determined using a General Electric- 2< 

Hardy recording spectrometer according to the method of ASTM D1925. 
The % transmission was derived from the Yellowness Index by integration 
over the visible spectrum. 



25 



Results of physical testing of the compositions of Table 1A are presented in 
Table IB. . 21 
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TABLE 1A 





ota Din ser 






No. 


Name 


% 


Formula 


A 


None 


— 





B 


Triphenyl phosphate 


0.1 


I 


C 


Triphenyl phosphate 


0.2 


I 


D 


Triphenyl phosphite 


0.2 


II 


E 


Tri (nonylphenyDpho sphi te 
(nonylated triphenylphosphite) 


0.2 




r 


In(nonylphenyl)phosphite * 


0.2 


in 


G 


Tridecyl phosphite 3 * 


0.2 




H 


Di{isodecyl)phosphite 


0.2 


IV 


I 


uipnenyi pnospuite 


0.2 




J 


Tri (methyl cyclohexyI)phosphite 


0.2 


V 


K 


Tri (chl oroe thy 1) pho s phi te 


0.2 


VI 


L 


Distearyl pentaerythritol 
diphosphite 5* 


0.2 


VII 


M 


Diisooctyl pentaerythritol 
diphosphite 


0.2 




N 


Tri(dipropylene glycoDphosphite 6 * 


0.2 


VIII 



1 "Polygard" Rubber Regenerating Co. Manchester. 

2 * "Phosclere" 315 Interstab Limited, Kirkby, Liverpool. 

3 * "Phosclere" 310 Interstab Limited, Kirkby, Liverpool. 

4 * "Phosclere" 210 Interstab Limited, Kirkby, Liverpool. 

5 * Weston 618 Weston Chemical Inc. N.jersey, U.S.A. 

6 * Weston Chemical Inc. N.Jersey, U.S.A. 

["Polygard" and "Phosciere" are Registered Trade Marks] 
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Melt viscosity (400° C) 
Time (minutes) to increase by 




Colour Factors 


Compositior 


0.1 poise 


0.2 poise 


Extrudate 

CAC7 UnU\1 a « 

->Ovo Duooies 
(minutes) 


Yellow 
Index 


% trans-* 
mission 


A 






c 


59.3 


42.7 


B 


77 




5 


fin 7 
ou. / 


to . £ 


C 


11 


A7 

4/ 


10 




47 0 


D 






15 


Afi 1 


SI 4 


E 




AQ 


20 


AR *l 


ss a 


F 




A7 


20 


AO n 


fin 4 


G 


3o 


jU 


30 


Ifi fi 


fi? 9 


H 


JO 


ar 


20 


ILX R 


SQ 1 


I 


36 


49 


15 


38.1 


60.6 


J 


36 


48 


25 


40.3 


62.9 


K 


35 


46 


25 


38.6 


63.3 


L 


30 


41 


15 


35.9 


65.1 


M 


36 


45 


20 


37.1 


61.1 


N 


26 


36 


20 


43.0 


60.5 


Required 












Value 


high 


high 


high 


low 


high 



J 

II 3 

ho-- 7- 
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'3 



VZJ 



V2J2 

From me table IB, it is seen mat me comparative compositions, B, C and N, are 
unsatisfactory m certain respects. Thus triphenyi phosphate, (compositions B and C) 
otters no improvement in yellow index while tri(dipropylene glycol) phosphite is not 
very effective in retarding viscosity increase^ 

EXAMPLE 2. 

The procedure of Example 1 was repeated except that me polymer and stabiliser 
were mixed on a "Henschel" mixer at 60° C followed by extrusion at 330°C Melt 
stability was determined using granulated extrudate. Colour Factor was measured on 
plaques injection moulded at 350° C. The results of this testing is presented in Table 2. 

TABLE 2 







Melt viscosity (400°C) 
Time (minutes) 
to increase by 




Colour Factors 




% by 


(a) 




Extrudate 






Additive 


(b) 


50% bubbles 


Yellow 


% trans- 


weight 


0.1 poise 


0.2 poise 


(minutes) 


Index 


mission 


None 




29 


46 


50 


62.3 


44.6 


Triphenyi phosphate 4- 


0.1 


25 


37 


30 


56.2 


50.0 


Triphenyl phosphate -f- 


0.2 


39 


52 


20 


63.4 


45.3 


Triphenyl phosphite 


0.1 


46 


67 


60 


51.9 


53.7 


Triphenyi phosphite 


0.2 


52 


72 


60 


45.5 


56.2 


Tri(nonylphenyl)- 
phosphite 1* 


0.1 


49 


70 


50 


51.1 


53.8 


Tri(nonylphenyl)- 
phosphite 1* 


0.2 


55 


74 


60 


46.8 


56.9 


Trilauryl phosphite 2* 


0.1 


52 


69 


20 


47.6 


56.4 


Trilauryl phosphite 2 * 


0.2 


43 


48 


25 


42.7 


59.8 



x * "Phosclere" 315 
2 * "Phosclere 
-r comparative 



r 315") 

s" 312J 



Interstab, Kirkby, Liverpool. 
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EXAMPLE 3. 

The procedure of Example 2 was repeated to demonstrate mat phosphites mixtures 
and phosphite / phosphate mixtures conferred stability on aromatic polysulphones. The 
results and composition details are presented in Table 3A and B. 



TABLE 3A 



Composition 


Additive 


% by weight 


F 


None 







Trilauryl phosphite ** ") 


0.05 


Q 








Triphenyl phosphite J 


0.05 




Trilauryl phosphite 1* ^ 


0.05 


R - 


Triphenyl phosphate ,J 






0.05 


S 


Jri(nonylphenyl)phosphite ^*// 


0.05 




Triphenyl phosphate J 


0.05 


T 


Trilauryl phosphite 1* "2 


0.05 




Tri(nonylphenyl)phosphite 2*J 


0.05 



1 "Phosclere" 312 
2 * "Phosclere" 315 



TABLE 3B 



Composition 


Melt viscosity (400°O 
Time (minutes) 
to increase by 




Colour Factors 


(a) 
0.1 poise 


(b) 
0.2 poise 


Extrudate 
50% bubbles 
(minutes) 


Yellow 
Index 


% trans- 
mission 


P 


29 


. .46 


50 


62.3 


44.6 


q: 


43 


61 


45 


49.0 


55.2 


R 


43 


59 


40 


50.4 


54.7 


S 


43 ■ 


64 


60 


47.5 


56.2 


. T 


45 


61 


40 


50.2 


55.4 



WHAT WE CLAIM; IS:— 

1. A thermoplastic polymer composition having improved thermal stability com- 
prising at least one aromatic polysulphone consisting of repeating units having me 
10 structure" . 10 

' — Ar— SO*— 



wherein Ar which may vary from unit to unit in the polymer chain, is a bivalent 
aromatic radical selected from 



■o- 



\-f Vo-/ 



at least some of said Ar radicals being 



and/or 



and at least one phosphite ester, the amount of said phosphite ester being 0 01 to 4V 



10 
OR* 



V 
wo — p 

\ 

OR" 



fJ^?, R ' R R ^ selected from hydrogen and univalent hydrocarbon or faalo- 
hydrocarbro raica^as herembeforc defined, provided mat not moreXi^ne of 
W)^,^ R t te 8en> ° r R ' R and/or R 3 taken together form a mmtivaknt 
15 hydrocarbon or halohydrocaroon radical, as hereinbefore defined, linking a) two or ,c 

more phosphite groups of the formula c ' 13 



OR* 

R'O— P^ 

\ 

OR s 



or b) at least two oxygen atoms of the same phosphite group. 



a ™ A composition according to Claim 1 wherein the amount of phosphite ester is 
^ysu^Aonc. ™ 011 me combined ^g^ts of the phosphite ester and 

3. A composition according to Claim 1 or Claim 2 in which the aromatic polv- 
suLpnone comprises repeating units of the formula 



-0—0— 



4. A composition according to any one of Claims 1 to 3 in which one phosphite 
ester is present in the composition. 

5. A composition according to any one of Claims 1 to 4 in which none of the 
radicals R 1 , R 2 , R 3 in the phosphite ester is hydrogen. 

6. A composition according to Claim 5 in which the phosphite ester is tri(nonyl- 
phenyl) phosphite. 

7. A composition according to Claim 5 in which the phosphite ester is trilauryi 
phosphite. 

8. A composition according to Claim 5 in which the phosphite ester is triphenyl 
phosphite. 

9. A modification of the composition claimed in any one of Claims 1 to 8 in which 
25 % to 75% by weight of the phosphite ester is replaced by a phosphate ester having 
the formula (EO) 8 PO where E has the same definition as R*, R% R 3 save that E cannot 
be hydrogen. 

10. A modified composition according to Claim 9 in which the phosphate ester is 
triphenyl phosphate. 

11. A modified composition according to either Claim 9 or 10 in which the 
phosphite ester is tri(nonyiphenyl) phosphite. 

12. A composition according to Claim 1 substantially as hereinbefore described 
and illustrated with reference to any one of the Examples. 

13. A modified composition according to Claim 9 substantially as hereinbefore 
described and illustrated with reference to Example 3. 

14. A composition according to any one of Claims 1 to 8 and 12 or a modified 
composition according to any one of Claims 9 to 11 and 13 in the form of a thermo- 
foxmed article. 

C. GRATWICK, 
Agent for the Applicants. 
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